Introduction
Oxide fluorides of the early d-block metals in their group oxidation state are strong Lewis acids and form an extensive range of oxidofluorido anions, often produced in aqueous HF in the presence of suitable metal cations [1, 2] . In contrast, surprisingly few complexes with neutral ligands have been reported [3] , which is due at least in part to the strongly polymerised structures and hence unreactive nature of many of the oxide fluorides. We recently reported the synthesis of a series of complexes [WOF 4 (L)] derived from tungsten(VI) oxide tetrafluoride, made from [WOF 4 (MeCN)] and neutral N-or O-donor ligands (L = thf, py, Ph 3 PO, Me 3 PO, dmso) in anhydrous MeCN solution [4] . The [WOF 4 (MeCN) ], which is readily obtained from WF 6 and (Me 3 Si) 2 O in MeCN, is a convenient synthon and can be stored for weeks in a glove box, although it decomposes rapidly in air and is readily hydrolysed by wet solvents. Treatment of [WOF 4 (L)] with further equivalents of L and (Me 3 Si) 2 O afforded complexes [WO 2 F 2 (L) 2 ] (L = py, Ph 3 PO, Me 3 PO, dmso) [4] . Attempts to replace the nitrile in [WOF 4 (MeCN)] with soft donor ligands, such as arsines, thioethers or selenoethers, failed, but two seven-coordinate, pentagonal-bipyramidal complexes, [WOF 4 (diphosphine)] (diphosphine = Me 2 PCH 2 CH 2 PMe 2 or o-C 6 H 4 (PMe 2 ) 2 ), were made from [WOF 4 (MeCN)] and one equivalent of the diphosphine in anhydrous Et 2 O solution. Six-coordinate [WOF 4 (PMe 3 )] was also isolated [4, 5] .
Here we report an investigation of some chemistry in the analogous molybdenum system. Two oxide fluorides of molybdenum(VI) are known. The first, MoOF 4 , is a white powder made by fluorination of MoO 3 , or by reaction of molybdenum metal with O 2 /F 2 mixtures [2] . The solid structure contains polymeric chains with two cis fluoride bridges and hence a distorted octahedral molybdenum centre [6] . In the gas phase it is monomeric with a square-pyramidal geometry [7, 8] . There are a variety of reported routes to MoO 2 F 2 involving fluorination of MoO 3 or MoO 2 Cl 2 [1] , although a recent study [9] cast doubt on a number of these. The structure has also proved elusive, but powder Xray diffraction data suggest it is based upon triangular Mo 3 (μ-F) 3 units with axial bridging oxide groups linking the layers, and with disordered terminal Mo-F and Mo]O groups [9] . The only literature report of a neutral organic ligand complex of MoOF 4 , is of [MoOF 4 (Ph 3 PO)], identified in situ by its 19 F NMR spectrum, but not isolated [10] . There are also adducts of MoOF 4 with XeF 2 and KrF 2 [11, 12] . [9] . The spectroscopic characterisation of these complexes is patchy, but single crystal X-ray structures are available for a few examples [9, 14, 16, 17, 19] .
Here we report on the synthesis and characterisation of the first series of neutral N-or O-donor complexes of MoOF 4 and some structural and spectroscopic data on complexes of MoO 2 F 2 for comparison.
Results and discussion

Synthons
The route developed to prepare MoOF 4 ), a very strong, broad feature at 1019 cm −1 assigned as ν(MoO) and broad peak at 652 cm −1 due to ν(MoF). 2 ] with the structure shown in (Fig. 6) 
MoOF 4 complexes
Experimental
Infrared spectra were recorded as Nujol mulls between CsI plates using a Perkin-Elmer Spectrum 100 spectrometer over the range 4000 − 200 cm molecular sieves (dmf), CaH 2 (dmso), by sublimation in vacuo (Me 3 PO) or by melting in vacuo (bipy, Ph 3 PO) and all reactions were carried out under dinitrogen in rigorously dry solvents, using Schlenk and glove box techniques. CAUTION: MoF 6 is highly corrosive and HF is generated by hydrolysis of the complexes, both of which can cause serious skin burns on contact. Appropriate safety precautions should be taken.
[MoOF 4 (MeCN)]
A mixture of MeCN (50 mL) and HMDSO (1.6 g, 12.0 mmol) were frozen in liquid nitrogen, and then MoF 6 (2.5 g, 12.0 mmol) condensed in under vacuum. The mixture was allowed to warm slowly to room temperature turning yellow-brown and then colourless on melting. It was stirred for 5 h, giving a clear, colourless solution. The solvent was removed in vacuo to give a white powder. Yield: 2.5 g, 94%. Anal. 
[MoOF 4 (thf)]
[MoOF 4 (MeCN)] (0.23 g, 1 mmol) was added to dry thf (10 mL) to produce a clear cream solution. After 1 h the solvent was removed in vacuo to leave a sticky cream solid which darkened becoming dark blue overnight. The complex is very moisture sensitive turning deep blue on exposure to air, and slowly gives a blue precipitate in chlorocarbon solvents. 1 
[MoOF 4 (dmf)]
A solution of dmf (0.083 g, 1 mmol) in CH 3 CN was added to a solution of [MoOF 4 (MeCN)] (0.23 g, 1 mmol) in MeCN giving a clear solution. The reaction mixture was left stirring for 1 h. The solvent was then removed in vacuo giving a slightly yellow oil. Hexane (2 mL) was added causing the formation of a white solid which was filtered off and dried in vacuo (0.075 g, 29%). Anal. − complex significantly decomposed 12 h, turning blue; this precluded microanalytical measurements. 1 resulting in precipitation of a white powder, which was filtered off and dried in vacuo. (MeCN) ], dmso, and HMDSO in a 1:2:2 molar ratio, and was spectroscopically identical.
X-ray experimental
Crystals of the complexes were grown from MeCN solutions of the complexes as described above. Data collections used a Rigaku AFC12 goniometer equipped with an enhanced sensitivity (HG) Saturn724+ detector mounted at the window of an FR-E+ SuperBright molybdenum (λ = 0.71073 Å) rotating anode generator with VHF Varimax optics (70 μm focus) with the crystal held at 100 K. Structure solution and refinement were performed using SHELX(S/L)97, SHELX-2013 or SHELX-2014/7 [33] . H atoms bonded to C were placed in calculated positions using the default C−H distance, and refined using the riding model. Details of the crystallographic parameters are given in [5] , is a reflection of the significantly greater oxidising power of analogous 4d versus 5d metal centres.
